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Efwannman 


PHYSIC0-C]{?:L'IIGAL    factors    AF.l^CTING    TM^   C0L03USTI0N 

OF 
PENNSYLVANIA   CIGAR-Li^AF    TOEACCO 


Of  the  many  criteria  by  v^nich  good  ci^rar  tobacco  is 
judged,  no  single  one  is  more  iiiiportant  than  the  character  of 
the    "burn",    or    «burnins   quality »»   as    it   is    ^lenerally    termed. 

There    is   a   very  wide    variation    in    ci,?ar-ieaf    tobacco 
as   pertains    to    the   burning   qualities,    and   it  appears    from   the 
research    in    th.is    field    that    the    cause    for    this    variation   lies 
in    the    differences    in    chemical   make-up   of    the   leaves,    v.hich 


s 


in    turn    is    dependent    to   a   great   extent  upon    the   present 
availability   and  of    the    certain    elements    in    the    soil    necessa 
to    catalyze    the    combustion   and   the   lack   of   substances   \v5riich 


^y 


interfere   with    this   process    in    the   finished  commercial   product. 

It  may  be   well    to   point   out    that   combustion    spoken 
of   in    the    sense  here    does   not  mean   combustion    in    the   gaseous 
sense,    rather   it  means   an    incandescent   combustion   or   glow;    thus 
fire-holding   capacity   can  be    qualified  as    the  a,bility    to 
maintain   a    temperature  high    enough    to    support    incandescence   of 
the  mineral    elements    present.      It   is   knov/n   from   experimentation 
that    this    degree   of    temperature   can  be  more   readily   obtained 
by   speeding  up    the    reaction   velocity   of    the   combustible 
materials    by    the   addition   of    certain    catalyzers. 

Many    renearch   workers   have   focussed    their  attention 
upon    determining    the   chemical    constituents    necessary    to   mr^ke 
for  good  burning   qualities   and  have    deduced   from   their    results 
certain   explanations    for    the   apparent   relationship   of    these 
constituents    to    a    good  bum. 


i 
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In    tiie  past,    two   methods    of   attack  have   been   used,    one 
analytical,    the    other   synthetic. 

The   analytical   methods    depend   upon    the    identification 
and  chara,cter   of    the   chemical    compounds   present    in    the  leaf. 

The    synthetic   method  consisted   in   adding   to    the 
tobacco    various    chemical    compounds   which   normally   occur   in    the 
leaf,    and   studying   their   effect  upon    the   bum, 

He  view  of  ^the  Literature 

The    initial    investi:::^ation   bepmn    in    this    field  was 


perforxaed  by  Schl*6sing 


(15) 


v.ho   found   that  potash    in   contact 


with   organic   acids   was    favorable    to    the   fire-holding   capacity, 
but  potash   combined  with    the  minera.1    acids,    sulfuric   and 
hydrochloric,    inhibited   the  burn.      He  attributed  the   favorable 
action  as    due    to    tlie   swelling  of    the  potash   salts,    resulting 
in   great  porosity  ^vhich   gave   finely    divided  carbon   v/hen  heated, 

IJessler^'''^ '    tested   the   effect  of  various    salts   on 
the   combustion   of   filter  paper  and  concluded  from  his    results 
that  potash    in    the   form  of    the   sulfate   and   carbonate   v/ere   very 
favorable    to    the   burn,    chlorides   v/ere   very   injurious,    lime   and 
magnesium  ^nitened   the   ash    considerably   and    the  nitrate   of 
potash   gives   a   very   quick  but   incomplete   burn.      He    dis- 
credited Schlosing's    theory,   however,    because  not  all    the   salts 
found  favorable    to    the  process  had   the  property  of   swelling 


vi^en  heated. 


Mayer 


(14) 


carried   on   some   experiments    similar   to 


those   of  Nessler,    but   included   organic    compounds,    and  found 
that   they   favored  turning  with   a   fiame,    but,    in   general,    did 


■MmftMHOMtru 


K  j» jWMfMos-.M  f.-«jw "  kk-i. .  tttmr-a*.  am-^Bm.  <— w-iwi/wfc  iiwt.\u  -nms  < 


not    improve    the   "framing   capacity. 

Conclusive    results    cannot  te    formed  from    tl-ie^^ie 


experiments   because,    as   Garner 


.(s) 


points    out,    the    results 


found  on  filter  paper  may  not  be  true  of  tobacco  because  of 
the  difference  in  the  chemical  make-up  and  structure  of  the 
two    s  ub  s  tan  c  e  s , 

It  has   been   found   that    in   [^ood  burning   samples    the 
potash    is   largely   in   excess   of    the  acics    while    th.e   reverse 
is    true   of   samples    shewing  a  poor  burn. 

Garner  has    suggested   that   this    effect  might  be   due 
to    the    fact   that   it  yields    the   carbonate   easily,    and    the 
carbonate   in   giving  off  and   taking  up   CO2   m^ight  be   favorable 

to    the  burn. 

(17) 
Kraybill  stur^ied   the   effect   of  a-lkali   salts   upon 

the  bum.      Since  lithium  carbonate    dissociates   much  more 

easily    than  potassium   carbonate,    one  would   expect  lithium 

carbonate    to   be   even  more   effective   from   the  above   explanation. 

However,   Kraybill    did  not   find   this    to   be    true. 

Earth  has    suggested   that   the   glow  of   a   good   tobacco 

migh.t  be    due    to    the    reduction   of    the  aikali    salts    to    the 

oxide  and  small    quantities   of  free  metal   vi'hich   act  as   oxidation 


catalys  ts. 


Kess 


n  (13) 

ler  ^       ' 


also    thinks    that  potassium   salts   are 


reduced  and  may  act  as    oxygen   carriers. 

(9) 


Gamer 


made  water   extracts   of    the  leaf  and  found 


that   t>^e    extracted  leaf  had  lost   its   power    to    glov;.      An 
examination   of    the   extract   revealed   the   fact   that   it   contained 


m.m\ikiMwmJmmm 
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the   chloride,    sulfate,    nitrate,    rralate    :ind   citrcte    of  potassium, 
a.rniriorium  and  nicotine.      Extracts    from  a   leaf    shelving  poor   bum 
vrere   found   to    contain   a  higher  percentage    of  mineral    acids    than 
the   good  burning  leaf.      He   concludes    froiri    this    that   th.e 
principal    factor  favoring   the  burn    is    the  potash    in    excess   of 
th.e   amount   required   for   combination  Avitlri    the  mineral    acids 
present.      Prom,   this   he   further   concludes    that    thie   potash    in 
combination  v;ith   organic  acids    is   a  factor  having  a   favorable 
effect  on    the   burn. 

The   role    that    iron  plays    in   biological    oxidations 
cannot  be   overlooked.      As   examples    can  be  mentioned:    (1)    the 
action   of   iron  and  blood  in    the   growth,   of  Bacterium 
lepisepticumx,    {2)    the  use   of   iron  hydroxide    in    the   oxidation 
of  lactic   acid    to  pyruvic   acid,    and   (2)    the   use   of   fex^rous 
hydroxide   and  oxygen    in    the    reduction   of  potassium  nitrate. 

In    inorganic    chemistry,    th.e  use    of   iron  as   a   catalyst 
is   widely   spread.      In    the  Claus-Chance  process    for   the 
fractional    combustion   of  hydrogen   sulfide  much   use    is  made   of 
hydrated   ferric   oxide,    v.'hile   in    the  purification   of   illuminating 
gas,    precipitated  oxide   of   iron,    an   artificially  prepared 
material   has    come    into    considerable   use   as   a   catalytic   material. 
Much   use  has   been  made   of   oxide   of   iron  as   a   catalyst   in    the 
direct   synthesis    of  arrmionia. 

Almquist  and  Crittenden^    ^    investigated   the   use   of 
iron  as   a   catalyst  and  found  that   its    efficiency    depended  upon 
its    state   of   oxidation,    also    that    the  mixture  A\i:iich   approached 
the    theoretical    ratio   .FeO   -   i'eoOs    was    the   best  and   that   the 


i 
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activity   of    this    could  be    increased  by    thic   acidition    of   certain 

other  oxides    slightly   basic    in   nature. 

(2) 

Armstrong  and  Hilditch^        investigated   the  X-ray 

photographs    of    the  mixed   oxides    of  Almquist  and  Crittenden. 
This    experiment  brought   out   some    fundamental    differences 
between  pure    iron   and   wproxaoted*^    iron,    i.e.    tbiose   vjiVn   basic 
oxides   as    »»promo  ters . »»     V.Tiile    the    crystals    in   iron    containing 
no   promoter   gror  rapidly,    crystnls    of    iron    in    the   best   catalysts 
grow  slowly,    therefore   a  promoter  maintains   a  large   surface   by 
preventing  a   sintering    (slipping   of    the   crystal    forces)    of    the 


iron. 


Wolff  and   de   Steclclin^'^ 


found    that    if   any    iron    salt, 


such  as    tlie  nitrate,    sulfate   or  acetate  possesses   a   catalytic 
effect  alone,    it  can   be    increased  by    the  addition   of  an 


al leal  in  e   sul  f  o  cyan  i  de . 

IBaudisch   and  Welo 


(4) 


attribute    the   action    of    iron 


salts   as   being   due    to    the   fact   that    the  molecular  oxygen 
loosely  bound    to    the    iron  may  act  as   a   dehydrogenating  agent 
toward    the    oxidizable    substance   present    in    the  mixture.      They 
have   shovvH    that   the  activity   depends   on    the   size   of    the   crystals 
and  also   on    the   structure   of   the   crystal. 

Object   of    the    Inves  tiga  tion 
The   object   of    this    investigation   ivris:       (l  )    to    Revise 
a    suitable  method   for   estiu^ting    the    burning  quality,     (2)    by 
means   of    this  method  study   some   of    the   chemical    factors 
affecting   the  burning  quality. 
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Exp  e  rim  en  tal 
Apparatuo   and  l^aterials    Used 
The   apparatus    used   consists    of   a    section    of   "brass 
gas    tuting   into   ^i^.ich   moist    tobacco    is   placed  and   subjected 


to   a  pressure   of 


Figure  B. ) • 


dynes    by  means    of  a  plunger.       (See 


The   compressed   tobacco    is    then   gently  pushed  out  of 
the    tube    in    the   form   of   a   pencil    (♦?    cm,    in    diameter).      These 
are    then  placed    in  a    drying  oven   at  a    temperature   of  40^'C. 
for   tv/enty-f our  hours. 

The    samples    used  for   the    experiment  were  made   up    of 
a    tobacco  having  a   very  poor   f  ire-hoi.  ding   capacity.      The 
first  set  of   samples,    each   sample  weighing  five   grams,    was 
treated  with   varying   quantities   of  water   to    determine    the 
quantity  most  suitable  as   a  cementing  agent.      It  was   found 
that  samples    treated   v:ith   an   ajnount   of  v/ater  v/hich    equaled 
55   per  cent  of    the  weight  of    the    sample   on    tbe   air   dry 
basis    gave   optimum   results. 

These   samples   vfnen    dry  were  put   in  an   especially 
constructed   rack    (see   Fig.    A.).      A    distance    of   one    inch 
was  mieasured  off   on    the  pencil,    a  piece   of    thread   treated 
with  a   saturated  solution   of   sodium  nitrate   was   placed  at 
the    two    extremes    of    this    distance,    and   the   sample    ignited. 
Care  wa.s    taken    that   the  pencil   burned  without  a    draft.      \*ien 
th.e   glowing  portion    reached   the    thread,    a   flare   resulted. 
Tne    interval   between    the   flares    of    tiie   first  and  second 
threads   w^as   noted  and    recorded  by  means    of  a   stop   watch.      In 
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this   v;ay  a   verj    accurate    check   on    the    relative    lire-holding 
capacity   of    thie    various    samples   vras    oDtained.      Samples   Y:ere 
made  up   containing   various    concentrations    of  potassium 
hydroxide,    potassium   citrate,    potassium  carbonate,    potassium 
tartrate,    pota.^isium  nitrate,    sulfate   and  chlorides.      Like 
volumes    of    these   solutions   were    the   same   as    those   used   in    the 
case   of  7/ater  as   a   cementing  agent. 

Samples   were   also  made   up   containing  various 
concentrations    of  ammonium  citrate,    iron   ai.irrionium   citrate 
mixtures    of    iron   acetate   and  potassium,   carbonate   or   citrate; 
also  mixtures   of   iron  acetate  and  aluminum  oxide.      The 
actual    concentration   of    these   solutions    in    terms   of  normality 

are   given   elBev^eve. 

As   a  preliminary    to    th.e   experimental   v/ork   des- 
cribed,   samples   of    the   1925,    1926   and  1927  Pennsylvania   crop 


we 


re  made   up   and  burned  by   the  method  outlined,    in  an   effort 


to    determine    the    relative   fire-holding   capacity.      The   results, 
y^ich   were    found    to    bear  out  previous    determinations    on    th.e 
burn   of   these    tobaccos,    are   given   on  a   follow^ing  page. 

Presentation,  of  Data 


The   figures   are  plotted   in    the   following  v/ay. 


The 


tLme    is  plotted  along   the   ordinate  and   the   concentration  along 
the  abscissa.      The    red  line   indicates    the    time   of  bum   for 
those   sam.ples    treated  with  water  only.      For   the   sake   of   clear- 
ness   this   line    is    designated  as    the   '^normial"   for   the  part- 
icular   tyoe   of    tobacco   which   was   used. 
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Showing  the  effect  of  various  concen- 
trations of  potassium  hydroxide  on  the  rate 
of  combustion. 
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Showing  the  effect  of  various  concen- 
trations of  potassium  citrate  On  the  rate 
of  combuBtion. 
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Fig.  V. 
Showing  the  effect  of  various  concen- 
tratlciiS  of  ammonium  citrate  on  the  rate 


of  combustion. 
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Fig. VI. 
Showing  the  efx'ect  of  various  concen- 
trations of  ferric  ammonium  citrate  on  the 


rate  of  combustion* 
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Fig.  VII. 
Showing  the  effect  of  ,2  N  pota?^- 
sium  carbonate  v/ith  varying  amounts  of 
iron  on  the  rate  of  combustion. 
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?ig.  VIII. 
Showing  the  effect  of  .5  N  potas- 
sium citrate  with  varying  amounts  of  Iron 
on  the  rate  of  combustion. 
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I),i_3cussion   of  Resul  te 

From   the   results   obtained,    v-hich  are  partly  chemical 
and  partly  physical    in   nature,    it   is   apparent    that    the 
completeness   and  rapidity  of  comlDustion   can  be   effected  by 
the  addition   of   certain   chemicals. 

It  would  seem    that    tlie   effect  upon    the  bum    depends 
more   on    the  nature   of   the   combination  of    the   element   to   v^Jiich 
the   catalytic    effect   is    due    rather   than    to    the  actual   amount 
present.      Of  all    the   single   salts   used,    potassim:.   cari.onate 
seems    to   be    the  most   efficient. 

The   carbonate   gives   a   firm  cohesive  ash,    containing 
particles    of   carbon. 

The  hydroxide   of  potassium   exerts   an   unfavorable 
influence,    failing   to   approach    the  norriial    burn  with   vra.ter. 


The   citrate   of  potassium   is   favorable    in    its 
influence   but    it   seems    to    require  higher   concentration   to 


n 


give    tne   same    effect   as    the    .2  N   potassium   ceirbonate.      It 
gives   a   firm  ach  which    is   lighter   in   color   than    that   of    the 


carbonate* 


The    tartrate    failed   to    give   a  marked   effect. 


NO 


curves   are  plotted   for   the  nitrate,    sulfates,    and  chloride. 
\'v'hile    the   nitrate   speeds    the    combustion    considerably,    it  Turns 
v/ith   an    intermittent   sparkling  v.hich    of    course    is    undesirable. 
The    sulfate   and   chloride    failed   to    improve    the   burn,    being   so 
injurious   as    to    completely   stop   com.bustion   before    the  pencils 
had  burned   the    required  length. 

It   v;as    thought    that    iron  miglat  possibly   play   an 
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important  part    in    improving   the  burn.      Pig,    VI   shows    this    to   be 
probably   true* 

The    of  feet   of  using    .2  IT  potassium   carbonate   with 
varying  amounts   of   iron    in    the   form  of    tb.e  acetate    is    shown 
in   Fig.    7.         It  will    be    seen    that    the    combustion    is    slightly 
better   than   using   either    the  potassium   carbonate   or   the 
ferric   ammonium  citrate   alone.      Almost   equally   good  results 
are   obtained  by   using    .5  N  potassium   citrate   with    the    iron 


acetate. 


V/ith   vari'^ing  amounts    of    iron   and  a   solution   of 


aliominlum   oxide   no   marked   results   were   obtained,    which    is 
probably    due    to    the  precipitation   of    the   aluminium  oxide   in 
the   presence    of    iron. 

The   action   of   potacsiuia   in   promoting    the   activity 
of   iron  may   be    due    to    the   fact    that    the    carbonate    or   citrate 
decomposes    when  heated    into   potai3Sium   oxide.      The    iron 
probably    decomposes    into    its    oxides,    both    ferrous    and  ferric 
iron  being  present.      The  potassium  oxide    combined  with,    the 


iron   oxides   preverits    the    iron    from   sintering,    thereby 
maintaining  a  large    surface   of    iron.      Y/ith    such   a  large 
surface    it    is    entirely  por^sible    that    there    is   an   oscillation 
from   the    ferrous    to    the    ferric    iron   and   vice   versa.      The 
continual    supply    of   oxygen    resulting  might   be    the    cause   for 
the  noticeable    effect   of    these    two    compounds   upon    the 
combuntion. 

Durinp:    the   course    of    tiiese    experiments    on    the 
combustion   of    tobacco,    it   wis    noted   that   some   samples  had  a 
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tendency   to    "crack''    irriiiediately  upon  being   ejected  from   the 
tube  while   others    did  not   "crack''  as    readily,    in   fact   this    ten- 
dency Vv'as   not   evident  until    the    samples    in    some    cases   had  been 
dried  for   some    time    in    the    drj'^ing  oven. 

By   experimentation   upon    tl-.e   burn,    it  was    found   that 
those  Vvhiich    ''cracked"   readily   on    exposure    to   air,    invariably 
gave   a   good  burn,    vrhilc    those   which    did  not   exhibit    this 
tendency  until    later,    were   poor   in    respect    to    this    quality. 

The    reason    for   this    cracking  may   be    due    to    ub.e 
coll 0 i rial    s true ture • 

It   is   possible    that    the    texture   of    the    tissue 
itself  may  have    its    effect.      It    is    obvious    that   a    tough 
cellulose    tissue  would  not  allow  swelling   to   a   very  great 
extent,    v'hile   a   softer    tissue   wou^d  not   only  allows  sw^elling 
but  migh.t  be   of   value    in   allowing   the   chemicals    to   penetrate 
the    cells    affording   greater    distribution   of    the  materials 
throu^;hout    the    sample. 

It  must   be    ccnfeoSed    that   the    effect   of    the 
chemicals    used  upon    the    tiosue    is   merely   a  matter   of 
speculation,    but   from   a   knowledge    of   ponneabill  ty    it    is 
not   impossible    that    the    chemiicalB   act  as    their   own   advance 
agents    in    changing   permeability    relationships    so    tnat 
greater    distribution    of    the    catalyzers   might    result. 
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As   a    result   of    these    experiments    upon    the    factors 
affecting    the    combustion   of    tobacco,    it  has    been    found   that: 

(1)  Potaj?sium  in  combination  with  organic  acids 
exerts  a  more  favorable  influence  on  the  ourn  than  do  the 
mineral    salts    of  potassiuiii. 

(2)  More    depends    on    the   nature    of   combination   of 
potassiujn  with    other   radicals    than    does    tne  amount  present. 

(S)    The    rate    of    combustion    can   be  accelerated  by 
the  use   of    iron    in    certain   fonas.      Combination   of    the 
elements,    iron   and  potassium,    influences    the  bum    to   a 
greater  extent   than   either  one   of    the   elements   alone.      The 
phenomenon   above  may  be    due    to    the  promoter   effect   of   the 
potassium   on    the    iron. 

(4)    The   structure   of    the    tissue  ma^'   have   an   effect 
on    the    degree   of   combustion. 
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